Background and Objectives: Substance use behaviors have been identified as a risk factor that places juveniles at greater risk for engaging in delinquent behaviors and continual contact with the juvenile justice system. Currently, there is lack of research that explores comorbid factors associated with substance use, such as post-traumatic stress disorder (PTSD) symptoms, that could help identify youth who are at greatest risk. The aim of the present study was to examine if PTSD symptomology moderated the relationship between substance use disorder (SUD) symptoms and externalizing behaviors and commission of a violent crime; hypothesizing that risk would be heightened among youth with elevated SUD and PTSD symptomology compared to those with elevated SUD symptoms but lower PTSD symptoms. Method: The study included 194 predominantly male (78.4%), nonWhite (74.2%) juvenile justice youth between the ages of 9-18 (M ¼ 15.36). Youth provided responses to assess PTSD symptoms, SUD symptoms, and externalizing behaviors. Commission of a violent crime was based on parole officer report. Results: Findings indicated that SUD symptomology was associated with greater externalizing behaviors at high levels of PTSD symptomology. At low levels of PTSD symptomology, SUD symptoms were inversely associated with externalizing behaviors. An interactive relationship was not observed for commission of violent crimes. Conclusions: Findings suggest that the association between SUD symptoms and externalizing behaviors among juvenile offenders may be best explained by the presence of PTSD symptomology. Scientific Significance: Addressing PTSD rather than SUD symptoms may be a better target for reducing risk for externalizing behaviors among this population of youth (Am J Addict 2019;28:29-35).
INTRODUCTION
In a given year approximately 2.4 million youth are arrested in the United States for engagement in illegal or violent behaviors, which accounts for almost one-fifth of all arrests. [1] [2] [3] Numerous risk models and assessment tools have been constructed to help identify factors that place juveniles at greater risk for engaging in delinquent behaviors. [4] [5] [6] Often included within these models and tools is the extent to which a youth engages in problematic substance use, [7] [8] [9] as involvement with drugs or alcohol has been shown to increase the likelihood of continued contact within the juvenile justice system 10, 11 and is also associated with the severity of the committed offense. 12 Moreover, youth with a substance use disorder (SUD) are at increased risk for delinquency and recidivism. 3, 13 The link between substance use and delinquency or recidivism may be in part explained by impulsivity, which is characterized by deficits in the ability to inhibit strong responses, lack of forethought and planning, an inability to persist on difficult tasks, and sensitivity to rewards and immediate gratification. 14 Given that dysregulation of impulse control is a common factor in engagement in both behaviors, 15 and may be a mechanism that helps explains why youth who engage in substance use are at increased risk for delinquency and recidivism.
It is also true that not every youth who uses substances will engage in delinquent acts, thus more research is needed to better understand comorbid factors that may help differentiate those youth who are at the highest risk. One factor that may play a key role in the relationship between adolescent substance use and delinquent behavior is trauma exposure, more specifically the development of posttraumatic stress disorder (PTSD) symptomatology. 3 It has been posited by theories such as the selfmedication hypothesis 16, 17 that individuals who experience trauma and/or symptoms of PTSD may engage in substance use as a means to manage distress from traumatic experiences and PTSD symptoms. 18 As such, there is a substantial body of literature documenting the association between trauma exposure, 19, 20 PTSD symptoms, 21, 22 and PTSD diagnosis 19, 23 with substance use outcomes.
Among justice-involved youth, trauma exposure, such as experiencing physical and sexual abuse, domestic and community violence, or serious illness, is highly prevalent, 24, 25 with the Office of Juvenile Justice and Delinquency Prevention reporting that approximately 90% of youth have been exposed to such adverse events. 26 These traumatic experiences are common factors that also aid in the development of PTSD among adolescent populations. 27 Given the high rate of trauma exposure among justice-involved youth, it is not surprising that rates of PTSD are up to three times higher among youth within juvenile justice populations than among general adolescent populations. 28, 29 In addition to the high prevalence of PTSD among justice-involved youth, the development of PTSD is also concerning given its association with risk for recidivism, 5 substance abuse and dependence, 30 and other psychosocial problems such as risk for aggression and juvenile delinquency. 31, 32 There are several theories available to help understand the association between PTSD and these outcomes. First, the cycle of violence theory, 33 suggests that being a victim of childhood abuse and neglect increases risk of also engaging in delinquent behaviors and perpetrating violence. It is postulated that this is in part due to deficits in emotion regulation and impulse control, which often occurs as a consequence of experiencing trauma. 34 Additionally, the general strain theory 35 suggests that the experience of adverse life events, such as trauma, can result in elevations in negative affect, which in turn increases risk for engagement in crime and delinquency as a maladaptive coping strategy. Thus the events associated with PTSD symptoms or diagnosis may lead to negative behavioral outcomes, including violent offending, as a maladaptive means to manage distress. 36 Given the link between PTSD and SUD, it is plausible that among justice-involved youth those with comorbid symptoms of both disorders may be a subgroup of justice-involved youth who are at heightened risk for negative behavioral outcomes and recidivism. However, to date, the majority of studies examining PTSD and SUD among justice-involved youth have examined each in isolation. 37 Moreover, literature examining the co-occurrence of PTSD and SUD among justice-involved youth have only examined prevalence rates, 3, 38 with none to our knowledge examining the interactive effect between the disorders or symptom levels of the disorders. The current study aims to fill this gap in the literature by examining the effect of PTSD and SUD symptomology on behavioral and criminal outcomes among justice-involved youth. It is hypothesized that PTSD symptoms will moderate the relationship between SUD symptoms and the outcome variables, such that risk would be heightened among youth with elevated SUD and PTSD symptoms compared to those with elevated SUD symptoms but lower PTSD symptoms. Establishing findings on the co-occurrence of PTSD and SUD symptomology among justice-involved youth can help identify those youth who are at greatest risk for behavioral and criminal outcomes and can provide valuable information to help improve interventions for this population of at-risk youth.
METHOD Procedure
Following initial involvement with the juvenile court (ie, charged but not sentenced) in a large, Mid-western, U.S. city, youth in the present sample were referred to the university's medical school to complete a court ordered psychological assessment. The referral for psychological testing is typically conducted if the youth was being considered for residential or prison placement for their sentence. Additionally, probation officers would provide referrals if there were suspicions of mental health or substance-related problems that might impair the youth's judgment. Following referral, a licensed clinical psychologist or supervised doctoral student reported to the Juvenile Detention Center or the youth's current placement (residential facility or home) to complete a psychological assessment. After youth provided assent for the psychological assessment, clinicians conducted a structured clinical interview and administered an assessment battery. The current study is a secondary analysis of the collected data, as the primarily reason for data collection was for clinical evaluation for placement. All data analysis procedures were approved by the university IRB.
Participants
Participants in the present sample were drawn from 305 total justice-involved youth who completed psychological assessments. Of the 305-youth assessed, 287 were age 18 or under and had valid demographic data on file, comprising our final sample. Most participants included in these analyses were male (78.4%) and non-White (74.2%; 66.2% African American/Black, 3.8% Hispanic/Latino, and 4.2% Multiracial). The age of participants ranged from 9 to 18 (M ¼ 15.36).
Measures

Demographics and Control Variables
Each youth self-reported their age, gender, and race/ ethnicity.
Externalizing Behaviors
The Youth Self-Report (YSR) 39 externalizing broad-band scale was used to assess externalizing problems. The 32-item subscale of the YSR asks youth to rate themselves on various behavioral and emotional problems and competencies related to rule-breaking behavior (eg, stealing, truancy, swearing) and aggressive behavior (eg, destruction of property, argumentative behavior, fighting). Response options for each item range from 0 (not true) to 2 (very often or often true), and a total scale score is computed. Scale scores were converted to t-scores with corresponding percentile rankings. T-scores <65 on YSR scales were considered to fall in the "normal" range and increases in t-scores over 65 correspond with elevations in symptom severity. The YSR has been validated for use in samples of juvenile justice-involved youth. 40 
Substance Use Disorder (SUD) Symptoms
The symptoms (SYM) subscale from the Adolescent Substance Use Subtle Screening Inventory (SASSI-A2) 41 was used to assess SUD symptoms. The SYM subscale includes 9-item that assesses problems related to substance use, including consequences and loss of control in usage to help determine if a youth is at risk for SUD. 32 Response options for each item are "true" or "false", with raw scores ranging from 0 to 9. Raw scores were converted to t-scores, with scores>61 (males) and >67 (females) indicative of a high probability of an SUD. 42 The symptoms scale has shown high test-retest reliability (r ¼ .87) and internal consistency (Cronbach's alpha ¼ .82), and demonstrated a 100% correct classification rate for DSM SUD diagnoses. 41 
Posttraumatic Stress Disorder (PTSD) Symptoms
The post-traumatic stress problem scale (PTSP) 39 also from the YSR was used to examine symptoms of PTSD. This 14-item scale assesses symptoms typically associated with the experience of traumatic stress (eg, problems concentrating, nightmares, paranoia, mood changes). Items are rated from 0 (not true) to 2 (very true or often true) and scale scores are converted into T-scores with scores of 65 or greater indicating elevations in symptoms severity. The scale has been shown to have high internal consistency among youth (a ¼ .75-85).
39,43
Violent Crime
Commission of a violent crime was derived from the preliminary report prepared by the youth's probation officer. A violent crime was defined as at least one report of perpetrating physical harm towards another person (eg, battery, assault, child molestation, etc.). This measured was dichotomized as the presence or absence of a violent crime.
Data Analysis
All analyses were performed in SPSS 24.0. Hierarchical multiple linear regression and logistic regression analyses were used to predict externalizing behaviors and violent crime, respectively, from symptoms of SUD and PTSD. In each regression analysis, demographic variables were entered into Step 1 (race was coded White or non-White with non-White as the reference group). SUD symptoms were entered in Step 2, followed by PTSD symptoms in Step 3. In Step 4, the interaction of SUD and PTSD symptoms was entered into the model. To probe the magnitude and direction of the interactions, we used the PROCESS macro, 44 which uses the Johnson-Neyman technique to estimate the conditional effect of the independent variable on the dependent variable at different values of the moderator.
RESULTS
Among participants, 44.7% were currently detained for a violent crime and most (93.8%) had previous criminal referrals to the juvenile court system. In regards to substance use, most participants reported substance use in the past year (87.5%), with the most commonly used substance being cannabis (83.3%%) followed by alcohol (57.1%). See Table 1 for participant characteristics on the variables of interest.
In
Step 1 of the linear regression predicting externalizing behavior, demographic factors were not statistically predictive of externalizing behaviors although they did collectively explain 3.1% of the variance in the model. In Step 2, SUD symptoms was a significant predictor of externalizing behaviors (b ¼ .18, p ¼ .013), accounting for an additional 3.1% of variance in externalizing behaviors. In Step 3, PTSD symptoms was a significant predictor of externalizing behaviors (b ¼ .21, p ¼ .012), explaining an additional 3.1% of the variance in externalizing behaviors. However, in this step SUD symptoms were no longer significant (b ¼ .066, p ¼ .445). Finally, in Step 4, the interaction of SUD symptoms and PTSD symptoms was significant (b ¼ 2.53, p < .001), explaining an additional 7.8% of the variance in externalizing behaviors. Significant main effects for SUD and PTSD symptoms were also found at this step (Table 2) .
Further probing of the interaction revealed that SUD symptoms were associated with externalizing behaviors at high levels (ie, one standard deviation above the mean) of PTSD symptoms (b ¼ 
DISCUSSION
Given the limited number of studies that have examined both PTSD and SUD outcomes among juvenile justice youth, 37 and none to our knowledge examining their interactive effect, the purpose of this study was to examine the effect of PTSD and SUD symptomology on externalizing and criminal outcomes among a sample of justice-involved youth. Our finding that SUD symptoms was associated with greater externalizing behaviors at high levels of PTSD symptoms but was associated with decreased risk for externalizing problems among youth with lower PTSD symptoms, suggests that the relationship between SUD symptoms and externalizing behaviors may be more likely due to risk posed by PTSD symptoms. Although mediation was not assessed in the current study, PTSD and SUD symptoms may interact such that PTSD symptoms increases risk for substance use as a coping response, which in turn increases risk for SUD symptoms and externalizing behaviors. 45, 46 Whether the interaction between PTSD and SUD symptoms is explained by a moderating or mediation relationship, findings can inform intervention programming by highlighting the need to address PTSD symptoms among juvenile justice youth. Specifically, interventions such, as Trauma-Focused CBT, 47 may be effective at reducing externalizing behaviors among justice-involved youth as it specifically addresses PTSD symptoms. Additionally, based on the self-medication hypothesis 16, 17 and general strain theory, 35 the influence of PTSD symptoms on externalizing behaviors may be due to deficits in emotion-regulation. To directly address these deficits, interventions such as Trauma Affect Regulation: Guide for Education and Therapy (TARGET), 48 have been developed for incarcerated youth with PTSD symptomology, with findings providing support for its use in decreasing the number of disciplinary incidents, aggressive behaviors, and prolonged stays in detention centers among youth. 49, 50 Moreover, given the complexities associated with youth involved in the juvenile justice system, a comprehensive model that addresses PTSD symptoms and other mental health issues, may prove to be most efficacious for youth involved within the juvenile justice system. A suggested form of intervention planning is a collaboration between the juvenile justice and mental health systems. 51 These attempts to systematically strategize and identify mental health needs among juvenile justice-involved youth that would divert youth to opportunities of effective treatments within the community and report those needs to the juvenile justice system. This model 51 considers dispositional alternatives (juvenile correctional placement or probation) and re-entry (returning home) as critical intervention points where examination of mental health issues and collaboration with the community can improve opportunity for treatment and use of the interventions mentioned above. The collective implementation of collaboration between the juvenile system and mental health services to provide treatment for PTSD and SUD symptoms and proper matching introduced by these comprehensive services may be the best approach to reduce the likelihood of negative behavioral outcomes among this population of youth. 52 Two unexpected findings for the current study were in regard to SUD symptoms, such that youth who where high on SUD symptoms but low on PTSD symptoms were at lower risk for externalizing behaviors. Additionally, youth with greater SUD symptoms were also at lower risk for commission of a violent crime. These findings are counterintuitive given evidence that substance use and SUDs are risk factors for externalizing behaviors and offending among youth. 3, 10, 53 It is plausible that youth within our sample who reported higher SUD symptoms but few PTSD symptoms are qualitatively different in regards to behavioral and criminal outcomes from those youth with higher symptoms of both SUD and PTSD. The former group may be more likely to engage in impulsive behaviors and minor criminal behaviors, such as status offenses, whereas the latter may be more likely to engage in aggressive or more serious offenses, such as violent crimes. To investigate this hypothesis, we ran post-hoc analyses on percentage of status offenses based on levels of SUD and PTSD symptoms. Although our findings indicated similar levels of status offenses, which were 55% across groups, it is plausible that differences may be found based on specific types of offenses.
Thus, additional research is needed to better understand characteristics and circumstances that may differentiate risk for behavioral and criminal outcomes among justice-involved youth with high levels of only SUD symptoms compared to high levels of both SUD and PTSD symptoms. For example, it is plausible that youth with high SUD symptoms but few PTSD symptoms may exhibit characteristics that protect them from risk for externalizing behaviors, such as resilient personality, social support, or protective family factors. [54] [55] [56] Conversely, it is plausible that when a direct effect is observed between substance use and externalizing and criminal outcomes, other co-occurring factors such as violent peers 57 and gang membership 58 are driving the association. These variables were not included in our dataset and thus could not be analyzed, but should be explored in future research. Examining both the direct and interactive effect of SUD symptoms with other comorbid factors is significant, as it will help expand our understanding on what characteristics among justice-involved youth who exhibit SUD symptoms place them at lower versus higher risk for externalizing behaviors and or other criminal outcomes.
It is also plausible that our lack of an effect for PTSD symptoms on violent crime may be due to measurement, as there is literature to suggest that witnessing violence or trauma is also associated with increased risk for violent crimes among youth. 59 Thus, examining trauma exposure specifically rather than PTSD symptoms may provide different results. Another potential cause for the non-significant effect of PTSD symptoms on violent crime may be due to a reporter effect, as commission of a violent crime was based on the youth's probation officer's report. Given evidence of a positive association between PTSD symptoms and commission of a violent crime based on participant's self-report, [60] [61] [62] future studies are needed to examine the interactive effect between PTSD and SUD symptoms on violent crime based on youth self-report.
Limitations and Future Research
Although these findings add to the current body of literature on interactive effect of SUD and PTSD symptoms on behavioral outcomes among justice-involved youth, there are some limitations that need to be addressed. First, the current study was a secondary analysis of data that was collected primarily for clinical purposes of psychological testing prior to sentencing, thus most measures were based on the youth's self-report, with only criminal offense based on a different reporter. This might explain the relationships found among the self-report variables and the absence of relationships found with the crime variable, which was based on the probation officer's report. Future studies should examine whether the relationship between PTSD, SUD, externalizing behaviors and commission of violent crime differs based on reporter (eg, parent, teacher, parole officer, self-report, etc.). Second, regarding the predictor variables, only data on PTSD and SUD symptoms were available, which limited interpretation to severity of symptom levels of each disorder rather than the presence of the disorder or more nuanced assessments, such as exposure to trauma. Third, related to measurement, assessment of PTSD symptoms was based on the YSR/CBCL PTSD subscale, which has been shown to have poor predictive and discriminate validity among youth with and without PTSD. 32, [63] [64] [65] [66] However, these studies included small sample sizes among primarily children and young adolescents, and the assessment of PTSD symptoms were based on parent rather than self-report. Moreover, participants were not justiceinvolved youth, limiting the generalizability of these findings. Thus, additional research is needed on the psychometric properties of the YSR/CBCL PTSD subscale among juvenile justice youth. Lastly, because this study was interested in examining the interactive effect of PTSD and SUD symptomology among justice-involved youth, the findings may not be generalizable to youth not involved with the justice system or individuals involved in the justice system who are over the age of 18.
CONCLUSION
Our findings provide support on the risk posed by greater PTSD and SUD symptomology on externalizing behaviors, which was not observed among youth with high SUD symptomology but low PTSD symptomology. This finding suggests that interventions should focus on treatments like CBT and emotion focused interventions, that can address PSTD symptoms and related emotion dysregulation which may in turn decrease risk for externalizing behaviors. Moreover, intervention approaches that include collaboration between the juvenile justice and mental health systems, as well as proper matching to community-based treatment center may not only alleviate presenting symptoms related to PTSD and SUD, but provide the best outcomes for long-term reduction in negative behavioral outcomes and recidivism among this population of youth. 52 As for risk for violent crime, future studies are needed to examine risk based on self-report of violent crime by the youth, as well as examine factors outside of PTSD and SUD symptomatology that may pose risk for justice-involved youth.
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